H 2 SO 4 (aq) was prepared from sulfuric acid (J. T. Baker, ACS reagent, 95%-98%). 0.10 M potassium phosphate buffer (K-Pi) was prepared using a mixture of 0.10 M monobasic potassium phosphate (HK 2 PO 4 , Fisher Scientific, ACS >99%) and 0.10 M dibasic potassium phosphate solution (H 2 KPO 4 , Fisher Scientific, ACS >99%) with a volume ratio of 61.5: 38.5.
B.
Catalyst Deposition and Electrode Preparation
Substrates
Glass slides coated with fluorine-doped tin oxide (FTO, TEC-15, Hartford) were soaked for 1 min in 1.0 M H 2 SO 4 (aq), thoroughly rinsed with H 2 O, and then sequentially sonicated in acetone (CH 3 COCH 3 , EMD Millpore Corporation, ACS grade, 99.5%) and isopropanol (Wards Science, lab grade, ≥99%) for 5 min each. The FTO-coated glass substrates were rinsed with H 2 O following each sonication step. The FTO-glass substrates were then dried under a stream of N 2 (g) and diced into pieces having an approximate size of 1×1 cm.
Sputtered thin films
Thin films of Pt and Ni-Mo were deposited from Pt (Alfa, 99.99%) and Ni-Mo (Alfa, 99.99%) targets, respectively, onto FTO-glass substrates using a DC magnetron sputtering system (AJA International Inc.) at a chamber pressure of 5 mTorr and under a 20 sccm flow of Ar. The deposition power was 100 W for Pt and 150 W for Ni-Mo, respectively, and no stage heating was used. Pt deposition times of 23 sec, 1 min, and 13 min, respectively produced film thicknesses of 2 nm, 5 nm and 60 nm, respectively. The deposition times for Ni x Mo y were 1 min (~2 nm), 5 min (~10 nm) and 10 min (~20 nm). 
Preparation of Electrodes
Silver paste (SPI supplies) was used to attach a Cu wire to the front side of each of the FTO-coated glass substrates. The Ag paste was allowed to dry in air for at least 1 h and then the Cu wire was threaded through a glass tube. The substrate was attached and sealed to the end of the glass tube using gray epoxy. All of the substrates were centered on the glass tubing and were oriented in a side-facing manner. The epoxy was allowed to cure in air for > 12 h. The exposed area of each electrode, as defined by the edge of the applied epoxy, was imaged with a highresolution optical scanner and measured using ImageJ software. Exposed areas for the FTOcoated glass substrates were 0.3-0.4 cm 2 , unless specified otherwise.
Electrodeposition of Thin Films
CoO x films, CoO x,ed , were deposited anodically onto FTO-coated glass electrodes followed by performing a pretreatment consisting of 10 voltammetric cycles in 1. 
≥99.0%).
To prevent precipitation, the Ni solution was purged with Ar(g) for at least 30 s prior to addition of the Fe salt. Depositions were conducted for 2-10 s using a current density of −10 mA cm −2 , resulting in nominal film thicknesses of 7-40 nm.
Atomic-layer Deposition
CoO x films, CoO x,ALD , were deposited onto FTO-glass substrates via atomic-layer deposition (ALD) using a Cambridge Nanotech S200 ALD system. The cobaltocene (bis(cyclopentadienyl)cobalt(II), Cp 2 Co, Strem, 98%) precursor was heated to 80 °C and maintained at that temperature during the deposition, which was conducted using a substrate temperature of 150 °C. Each ALD cycle consisted of a 2 s pulse of the cobaltocene precursor, a 10 s purge under a 20 cm 3 min -1 flow of research-grade N 2 (g), a 5 s ozone pulse, and a further 10 s N 2 (g) purge. 60-1000 ALD cycles were performed to produce film thicknesses of 2-50 nm.
C. Scanning Electron Microscopy
Images of electrocatalyst films were collected using a calibrated Nova NanoSEM 450
(FEI) SEM with an accelerating voltage of 5 kV.
D. Electrochemical Measurements
A three-necked flask was used for all electrochemical measurements. Cyclic voltammetry, current interruption for resistance correction, and in situ electrochromism data were obtained using a Biologic MPG-2-44 potentiostat (Bio-Logic Science Instruments). The cyclic voltammetric data were recorded at a scan rate of 10 mV s -1 . Current interruption at a current density of 10 mA cm -2 was used to determine, and compensate for, losses due to ohmic resistance. 85% iR corrections were performed when measuring the kinetic overpotential of the electrocatalysts, and were critical when large-area FTO-coated glass substrates were used in the optical transmittance measurements. Alfa, Aesar) was used as the counter electrode. For HER catalysts, the solutions were purged with high purity H 2 (g) for 30 min prior to measurements of electrocatalytic activity for the HER, and the H 2 (g) flow was maintained during such measurements. For measurements of electrocatalytic activity for the OER, solutions were pre-saturated using high purity O 2 (g), and
the O 2 (g) flow was maintained during such measurements.
For Ni-based OER catalysts, 10 CVs were performed in the range 0.7 -1.91 V versus RHE to activate the catalyst prior to characterization.
E. In situ Measurements of Optical Transmittance
In situ measurements of the optical transmittance of OER-catalyst-coated FTO-glass substrates were performed using a custom Teflon cell. Monochromatic light was incident upon a quartz window at an angle normal to the surface, as well as upon a calibrated Si photodiode (Thorlab Fs-100cal) that was isolated from the corrosive electrolyte by another quartz window.
Samples were placed between the two quartz windows with the counter and reference electrodes out of the optical path. The exposed area of the Si photodiode was 0.03 cm -2 . The exposed areas of the sample electrodes (0.3-0.4 cm -2 ) and the spot size of the incident light were both larger than the exposed area of the Si photodiode. The electrochromism of the sample was determined by monitoring the transmittance at a fixed illumination wavelength (550 nm) while scanning the applied potential in the range of 0.0-1.0 V versus Hg/HgO, or while galvanostatically holding the current density at 10 mA cm -2 . A peristaltic pump was used to circulate the electrolyte at a high circulation rate over the sample surface, to minimize the accumulation of bubbles and thus to minimize scattering of light by bubbles formed on the electrode surface. The transmittance was defined by the ratio between the transmission of catalyst-coated FTO substrates and the transmission of the bare FTO substrate.
HER catalysts are typically metallic and do not exhibit electrochromism under reductive conditions, so the optical transmittances of the HER catalysts were measured ex situ without applied cathodic bias.
The total optical transmittance was calculated using equation (1):
(1)
where h is Planck's constant (6.63×10 -34 J s), c is the speed of light (2.998×10 8 m s -1 ), q is unsigned elementary charge (1.602×10 -19 C), T is the transmittance at each wavelength, P is the irradiance in W m -2 nm -1 , and λ is the light wavelength in nm. Figure S1 shows the in situ transmittance-measurement setup. 
